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METHODS FOR INHIBITING GRAFT VERSUS HOST DISEASE IN BONE 

MARROW TRANSPLANTATION 

Background of the Invention 

5 Allogeneic bone marrow transplantation (BMT) is an effective treatment for many 

hematological malignancies and severe aplastic anemia (see e.g., Thomas, E.D. (1983) J. 
Clin. Oncol 1:5 1 7-53 1 ; O'Reilly, RJ. et al. ( 1 983) Blood £2:942-964; and Storb, T. et al. 
Semirt Hematol 2:27-34). However, the alloreactivity of T cells within the donor bone 
marrow to recipient cells leads to a potentially fatal condition referred to as graft versus host 

1 0 disease (GVHD). One therapeutic approach which has been taken in an attempt to minimize 
or eliminate GVHD involves administration to the transplant recipient of a general 
immunosuppressant, such as cyclosporine A or methotrexate (see e.g., Kapoor, N. et al. 
(1989) Bone Marrow Transplant 4:153). Use of such agents* however, is associated with 
deleterious side effects, including kidney damage and an increased susceptibility to 

1 5 infections. Another approach taken to minimize or eliminate GVHD has been to deplete 
donor bone marrow of T cells in an attempt to remove alloreactive T cells (see e.g., Martin, 
P J. et al. (1987) Adv. Immunol 4Q:379). While T cell depletion has been found to reduce the 
occurrence of GVHD, this treatment also reduces the success of bone marrow engraftment. 
Additionally, depletion of T cells from donor bone marrow used to treat hematological 

20 malignancies reduces the anti-leukernic activity (also referred to as the graft versus leukemia 
response, or GVL) of the donor ceils (see e.g., Goldman, J.M. et al. (1988) Ann. Intern Med. 
IQ&806-814; Marmont, A.M. et al. (1991) Blood 1^:2 120-2 130). Thus, while the presence 
of alloreactive T cells within a bone marrow graft has the detrimental effect of inducing 
GVHD* the presence of at least some T cells within the graft is beneficial both for successful 

25 engraftment and for anti-leukemic responses. A therapy that effectively inhibits the 

responses of alloreactive T cells within donor bone marrow while permitting the continued 
presence and function of other T cells within the graft would therefore be of great advantage 
in die addressing the problem of GVHD while promoting the efficacy of bone marrow 
engraftment. 

30 The induction of a T cell response has been shown to require two signals: a first 

signal provided by stimulation through the antigen-specific T cell receptor (TCR) on the 
surface of the T cell, and a second signal (termed a costimulatory signal) provided by ligation 
of one or more other T cell surface receptors. Engagement of the TCR alone (i.e., signal 1) in 
the absence of a costimulatory signal (i.e., signal 2) induces a state of unresponsiveness, or 

35 anergy, in the T ceil. A costimulatory signal can be generated in a T cell by stimulation of 
the T cell through a cell surface receptor CD28 (Harding, F. A. (1992) Nature 356:607-609). 
Ligands for CD28 have been identified on antigen presenting cells (APCs). CD28 ligands 
include members of the B7 family of proteins, such as B7-1(CD80) and B7-2 (CD86) 
(Frcedman, A.S. et al. (1987) 1 Immunol 122:3260-3267; Freeman, G J. et al. (1989) J. 
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Immunoi 141:2714-2722; Freeman, G.J. etal. (1991) J. Exp. Med 174-625 «i. p 
G.J. et al. (1993) 2*2:909-91 1; Azuma, M. e alZ^'S 7 7 T"' 

P.S. (1991) J. Exp. Med 174:561-569; Freeman, G.J. et al. (1993) Science 262:909-91 1) 
Ine characterization of the receptors and ligands involved In T *»»n ^ , • \ 

unresponsiveness by blocking of a costimulatofy signal in T cells. For«<ample .CTLA4I* 

8y ' 1 1 1 02 ' 1 1 Lm. H. et al. (1993) J. Exp. Med 178- 1 am i i ». « , 

^7,7.0.7^ S^^boV^ ^B^^f' 
have been used „ inhibi< T ^ ^fe,^,, » ' «** B7-2 

fo^b^c^ (1994) ' I52 - 2, ° 5 - 2 -"'- Hoover, effecHve^ 

« bone marrow transplant sanation vvh, c h avoid the n«d for 

Summary nf ih. i^-f nljpn 

This invention features improved methods for inhibiting graft versus host disease in a 
bone mar«,w n^lan, recipient while preserving T cell mediated function againlZ 
*n.orand pamog^sin therecipien. mis invention „ ^ , JT^t 
Wer, tha, - inhibit of a costimulato* signal in T cells can be used ,„ SrZ Mbit 

^n^owttansplanunon. The inhibitor of acosnntttlatorysigna, in TceUs is 
prcfaablyan agem wtach tnhibi.s an intension bef-een a costfmulatory receptor on the T 
ce (e.g., CD28 ^„ r cnA4>™d a cosamulato* mo.ec„,e (eg.. B70 J^lTJ, 

«, an »t,body (or Itagmen, thereof, which binds fte receptor or the 
-*«*. . soluble ,fc» .f ft, ^ . cosd„u^ryn ro ,e=ule M , peptide 

■nhtotor ,s a soluble CTLA4-immunoglobuIi„ fusion protein (CTLA41g) or an anti-B7*l 
«** c, „ m u.B7.2 amibody. A much prefer^ ir^bto is. conlinanon of 
B7-1 and an anti-B7-2 antibody. 

Ihe T cell m vitm with at least one inhibitor of a costtmnlamy sigmS in „, ^ ^ J 
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eel! topa *icdar>r»seininUbi,tagg^ 

Manage™ such as a combination of anti-BW ^ an«-B7-2 a„, W,es or a solub.e 
ZtfCTLM can be used to treat .he donor bone mano* in vKro, .0 thereby .nh.b« dono 

Todl responses to cells express** recipient antigens, prior » ^"T 
5 Lowrthere«pientFor« OT ple,dorK,rce.lseanbecon U c^w,u,«.e^^^^^ 

to the recipient without father i» Wvo treatment of the reemtent v*h *e ■nh.b.tor. 
Alternatively, following administration of the treated donor cells, the ,r*.b.to, or other 
fnlTl^resaive agL (e.g., cyclosporin A) can be administered * v,Vo to the transpian, 

10 recipient. 

BrlT rn^rfa.tlon nfthf Drawings . hiM> __. Md 

figure / is a graphic representation of T cell proliferation in a 

,5 lLlin»ur^.ob«linag).orpho S pha,ebuffe,«dsaU«(PBS)(con tt ol) 

Fisure 2 is a graphic represent of T ce.1 proliferate . . W ™- 
lymphocyte reaction berween HLA disparate individuals tteated «tt «te anti-BW 
molclonal antibody anti-B7-2 monoclonal antibody, both anti-BM and anU-B7-2 
Z:!^— .CTLA4, g .con ro .in mU noglob,MC.g,orcon,ro,an,ibodyaga,ns, 

* -j •»u m i i-t/R7.n or B7-2 (t/B7-2) or allogeneic penphera! 
eitherNIH3T3 cells transfected with B7-1 (t/B7-l) or »' > * A 4Ioi*be!ow 

blood lymphocytes bone marrow proliferation treated w,th vanous doses of CTLA41g (bekm 
1 ue/ml FiRure 3A and from 1 to 10 Hg/ml:Figure 3B). 

j»™ \>ri n after culturine the eel s for 0, 0.5, 1, *» ■'» or ° r 
a secondary MLR after eultunng w ^^41- (c) or anti-B7-l and anti-B7-2 

of anti-B7-l antibody (a), anti-B7-2 antibody (b), CTLA4ig w 

(d) ' ^•^^sr^=x^ <,,,, ' T, 

2), anti-BW mi -»« (oB7-l + oB7-2). CTLA41g. or Clg. 
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Figure 7 depictsthefrequencyofaMoreactiveprecursorh e l«.rTi u 
in MHC mismatched donor bone marrow treated wiw^MeMr^iat^ ^ ° cytes O^HLT) 
ce,ls (host) or third party cells and CTLA4I g oT^Cm 

Figure 8 depicts the frequency of alloreactive precursor hehwri u 
5 ^Cmismatcheddonorbonem 
and^contro^uno^ 

Figure? depicts the frequency of alloreactive precursor hehJ t i u 
» MHC mismatched donor bone marrow treated JZT T ^ 
andanti^ 

10 antibodie S (a.B7.1 + a.B7-2),CILA4Ig,orCIg. andant,-B7. 2 

Detailed Dmrinrion nf rtr f Tn Tf ntf n n 

This invention features methods for inhibiting antieen sr^ifo t ,i 
vitro by use of at least one aeent wh.Vh 1b1 ,v, Un8 . anUgen T cell responses in 

rendered unresoonsive n , „„w . .„ K/ me 1 w A T cell which has been 

inhibitor of a costimulatory signal" or an "agent which MriM*. 

_ ~ „ c ' e B » a I'*) on a cell presenting antieen to the T f~\ i „ 

""qtaWo,**. dendritic cell o, Langerha* cell, or a*.^ cell tyr* which 
present antigen to a T cell, such as a keratinoc^, mia i u ^Z^ fi ^™*, 

oligodend.ocyte,. Ligands such as B7-1 and B7- wWchl^'ITT' ^ " 

•u'u o i i wmcn trigger a costimulatory signal in a T 
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«„ through aT cell surfece receptor (e.g.. CD28) » collectively referred to herein ,« 
"ovulatory molecules". T cell surface receptors « which such costunulatory mo ecufcs 
vT^TSm C1XA4) are collectively referred to herein as "costimulatory receptors . 
^ Ac^Soi— ntof^mven^aninMbitorofacosu^ory 
« • .Hnl^llisan agent wMchinhibits an interaction between a receptor on the T cell 

. <• ,„ta«i„ a. a "costiroulatory blocking agent" can be a soluble form of the 

T^n for a retoed recepttr on the T cell which similar binding specificityX > 

,0 rul.o«im«r«herec^ororu«cos»mula»rym..ecu.e. A preferred 

inMbttor is CTLA^immunoglobulin Won protein (CTLA4lg), a soluble form of the 
^M^otTceUslchb^tobomBT-, andB7-2. 

following subsections: 
20 | rA r nt. for inWMTfnr n T ™ BwMMe 

mo _ . »i.«-«<\ Antibodies su table for use in the methoas 

IgO) compnses W ^ ^ fi^on of an 

connected by atsulHd. bond*. B tas be^ thus, these 

antibody am be performed by ' tenn .^body. 

35 Examples of bn^ngfta^^-P^ an Fd fragment consisting of 
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and (vi) an Ffrb'k fiagmem, , bivalem fragment comnri™,. to D u ^ 

<«h»lq».s and the fragments screened for " * 1? " Sm8 C0,,Va, ' i0na, 
antibodies. The term ^ibodvNs forthe^^ 
5 mo.ecuies having . ^ u " ,nC,,,de - 1 *— 

Fv flagmen, are l^^Z a TT *"**•««•*«*. of . 

methods. Such sinule chain , a * 8795883 ) recombinant 

mvemion (e.g., a costimulatory molecule „ J . ^ '" "* melhod of ">« 

r^todescribeacomposiUon^ 

'^^■"Mdfor.hepreDaranonof.^ yK>,,tt,mn * a P™*" or peptide as an active 

or as a peptide polymer. The immunogen should conta'' ^ earner as a conjugate, 
of the peptide orprotein (optfonaUy Z^^To ^ """""^ >m0,m ' 

mcompJete Freund's adjuvant (IFA\ « n A -i com P'«e Freund s adjuvant (CFA), 

Either soluble or membrane bound protein or oentid*. fr»„ 

» i-unogen. A purifled f orm 0 f p^ J^STS ** * 

"Passed recombinant* by convention,., ^JZZTT * "■" 

an immunogen. Those skilled in the art JZ^tTT — 

30 ^fo^ofpro^fo^^^t^d ^ 
-^•o^v^chandlxrfiesc^^^ . 

P^canalsobecov^endyornonco^ 
^*orc*l»„y^^ 

^canbe^^^^^ 
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Waog,B. eta.. 09W)«" «*t 1*79M« for descnphons of genefc 

1/10 the orlgrnal amount ™ L sUes Seven to 14 days later, the animals are 

adiuvant) by subcutaneous rmecttori at multiple sites, aeven / A „, m ..« m 

tJZ^* assuror ^^^^^r-- 
boosted until the titer plateaus. Also, aggregating agents such as alum can 

5 the immune response oooulations of antibody molecules are referred to as 

■ Mmm " ( ' 'l*™ tit ££E TotLethe specificity of the antibody. the 
20 chromatogr^hy.tooManithelEOflracooi.. . ud phase . a nbced 

immunogen. The antibody is comacicu amibodv molecules to form a 

.^esumc^forthe^ 

solid phase-affixed immunocomplex. 1 ne ooun 

25 bystandard or "monoclonal —T -position", a, used 

The term mo . ^fc^ mat contain only one spectes of an 

herein. refe* to '^^^ «"*— te **" " ** 

anUgenbmd.ngs.te. A 723 tt to^«hJi.immu».re.e«. Monoclonal antibodies 

J0 can be prepared using a o P ^ 

b , cominuous eeU l,n« -^^^ (1 „ 75 , W<in ™ 256^97; see also 

comprises the steps of: 
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W accomplished by admhnsfcring fte JJ£Z ZZl£T~* " 

fen,anu M I wjfl> a P «p llr ati <> „ ()flheinnn T"^ 
known to those of skill in the,* .„ „ screening methods are well 

flowcy^meny ' fWrt ^*^«ta»«« taffi , y(EUSA)Mj , ot 

10 (b) A suspension of antibody-producine cells remove «~ 

~*. the de^ed anybody is ^'prep^ ZZ^TC iT^ 
mouse) is sacrificed and somatic anabody-p™,^ , J?Z?^*" m *<- t *> 

pnmed animals. Spleen cells * rf > r^f^A a . Penpneral blood of 

Wow. Ra, mbbi, „„, „ ^Jcells can a£™£ ^ T^T 

techniques; for example, the P3-NSI/l-Ag4-l, P3.x63-A 2 8 6« nr Hfr/* 

cefc cvenmally die. On* to ^doma cells survive and L be^wTZ nlT^ 
d.luaoneondiuonslo^uinisoh.edel^es. Ine supernal .f ZTd^ ^ 
««en«l forthe presence of antibody of die desired «d«en. . J' ) * nd ° mas « 

Commonly used methods for purifying monoclonal antibodies inclu* amt!T^, 

^ l<~ia, Press 1982)). Hybndomas produced according to these meth^- u 

< ^'^ toM «^««U»=nWber TO F^tedi B »i^, teeraTO|<!fa 
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specific monoclonal antibody can be harvested by decantation, filtration or centnfi.gat.on 
Alternatively, the yield of monoclonal antibody can be enhanced by injectmg a sample of the 
hybridoma into a histocompatible animal of the type used to provide the somat,c and 
myeloma cells for the original fusion. Tumors secreting the specific monoclonal anubody 

5 producedbymefusedcellhybriddevelopinuieinjectedammal. The body fluids of the 
Smal, such as ascites fluid or serum, provide monoclonal antibodies in high concentrations. 
When human hybridomas or EBV-hybridomas are used, it is necessary to avoid rejection of 
the xenograft injected into animals such as mice. Immunodeficient or nude mice may be used 
or the hybridoma may be passaged first into irradiated nude mice as a solid subcutaneous 

10 tumor cultured in vitro and then injected intraperitoneal* into pristane pruned, irradiated 
nude mice which develop ascites tumors secreting large amounts of specific human 

monoclonal antibodies. m 

Media and animals useful for tta preparation of these composmons are bo* well 
known i, .he art and commercially available and include synthetic culture media, mbred rmce 

15 andthelike. ita««^W»^^ bD *^^'^"f^ lrti 

(DMEM; Dulbecco et aL (1959) Urol S.396) supplemented ™0,4.S gmrt glucose 20 mM 
glmaminc. and 20% fetal «f serum. An exemptary inbred mouse stnun is the Balbfc 

When antibodies produced in non-human subjects are used therapeufcally m humans, 
they arerecognizedtovarytog degrees as f™^^ 
20 inpatient. One approach for minimi2ing or eUminatmg this problem, which '^^^^^ 
to genLl immunosuppression, is to produce chimeric antibody denvanves. ,e.. annbody 
molecules that combine a non-human animal variable region and a human constant regrcu. 
Such antibodies are .he equivalents. f the rnonoc^^ 

above, but may be less immunogenic when administered to hurmns. and therefore more 

25 likely to be tolerated by the patient. 

Chimmcmous^umanmonoclonalanub^^ 
produced by rwombinantDNA techniques known in the art For e^pl. a gene encoding 
meconaant region of. murine (or other species) monoclonal antibody molecule K 
SZZJL a gene encoding a hu»» const*, region, (see Robinson « a... Interna. 

« f^«21 152fr Sun « d. (1917) HUS ttlMII; Nishimur. .. J. (1987) Cane, te 

S» « *.. o «> *-* ***** - staw " (1988) ' Nal Cmcer 

region rl .lived in antigen binding with equivden. pordons from human van*., regrons. 
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5 Sources of such nucleic acid are wll ^ . ^ « f <*»»• 

cbmenc antibody, or ftagmen. ^ „„, ^ „, ™* *• 

sutouuon (see U.S. Pa*,, 5.225.539 ,o Winter, Joue, e« Zml^^L 

antibody repertoires have been cLm T ^ "** ""^ human 

create hybridcuas that secrete taunen ntAbs .^S^S^T r ' 
(«e, e.g.. Wood « al. PCT publication WO pi/OOMfi £TT protein 
WO91/1074r Unbent etalPr^ m 9 '^- Kucl,erli 'P a ''« a <l , CT publication 

Brugge m a„e t al. 0 99J)£ B .^ OTllmo , 21:1 3 2 3. I 3 2< .. an(1) " 3,m4S9<U72 0- 3 »« 

figments having a parucutar antigen specificity, m£^J£? 7 
^«<fordesc„p«onsofcon,bu^ 

». DNA seoue.ce of the variabie regions of a Z^ZZ *~* 

can also been used » ampMfy huJMn ^ „„ ^ ^^e 
human antibodies (Larrick etal 119911 AtVWc 7, We reg,ons ^ 

2:106-110). ^^•W^'^Wtoi/eWjn^ 
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u^^imcnt RNA is isolated from activated B cells of, for 
As an illustrative embodiment, kina is imiww ^.-j 

d^s) and each of the k mid X hght chau* as < P ^ m 

omp «fled, M ch U o..o rin com^^ ^0.2^. primes »«M i. 
^putouon i» generating ft. dtspl* J™ « at degenerate 

15 "pressedbyapo^^^ 

form an antibody display library. Ideally, tne y J* _ ^ ^ affinity 

addition to commercially available wis id b 27-9400-01; and the Stratagene 

Sr^i™ phage display caa.og £ 24«nV ^ ^ foimd 
l-^-^^-fT^^W-to J< allen^ona. plication 

No. W092/1S6,* "T^tSll-*-. Interna,^ PubUc«ion No. WO 
25 International Pubhcatton WO ^ OT91 ^™" M/ov288 . Mc c^,y « al. 

totemational PobheauonNo. WO ^.oc. Fttehs „ „. (,991) 
B.^»n^*'"0-13'*Haye^ 

ctaL(1991)Atei<cMto^ ,3W1 7^~~ |m(eg fij^tous phage), *e 
35 antibody library U screen* vath a protem. orpep ^ ^ 

to seUcted antibody can be recovered ^ h « P ^ DNA 
genome) and subcloned into other express,™ vectors by star, 



techniques. 
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In another embodiment of the phage disDlav lihn,^ 

domainsofheavya^d light chains areexpLse!^ 
Hn^ofo mas ^ 

desired expression vector or phage genome A, „ „ ? * Suh$ ^ Watl y <*>ned into the 

flexible(G, y4 .Ser) 3 linker can be used SpJ^tZ^^'^^ 
the display package separable based „ n .^™_7*7 ^ich can render 

, 0 V"™*"*** P»P»«i.n for use in tke subject m ^ Wm,U * ,ed m, ° » 
A Soluble p roteimtml fusion ProMns 

specificity and its l igMld (s)) For ^J"*"* molecule having y,,,- 

transplantation is a soluble form of a CTT a* , . in ^wow 

— ta of B7-, and B7-2 vAn CD28 -d^cSST ""' **"* *» 

Soluble fomis of surface-bound Dn>tein.~„k._ j . 

^^nofi nt e TOt( , e . (togto J^^ or ^««^Oof, sl ^ 

"■Pnssion in prokaryonc or euloryotic «ll s ^ *° "P'" 5 '™ eimer for 

COS. CHOorNSOcells. <br eukarvor^^I"^ T °' **• 
°f the protein encc^rein^^ 

media in ,« toe * 

The extracellular domain (or portion thereof) of a surfa/** Li 
cxpre^cd recombinanuv as a non-fiosion pnSj^Tt^ 
•rotcfa-uhasecondprotdnor polvperJde ^ " * 1 

to 'P"'*» exposed ofafctp^ 

Po«ypeptfde. A prefer type of ^l^Tr! 1 '° 3 ^ l * ttro '°«<»*. 
— is a» irn™,^ ^^^^1' T» ^ ««^ of the 
*- nrou*- refers a 8^ ^ J^^L? 

cn ine second, heterologous polypeptide is an 
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inununglobulin constant region, or portion thereof. Immunoglobulin fusion proteins have 
been described extensively in the art (see e.g., U.S. PatentNo. 5,1 16,964 by Capon et al.; 
Capon, D.J. et al. (1989) Nature 221:525-531: and Aruffo, A. et al. (1990) Cell 61:1303- 
1313) and typically include at least a functionally active hinge region, CH 2 and CH 3 

5 domains of a constant region of an immunoglobulin heavy chain (e.g., human Cyl, Cy4). 
Construction of a B7-l-lg fusion protein and a CD28Ig fusion protein is described in detail m 
Linsley P S. et al. (1991) J. Exp. Med. 122:721-730. Construction of a CTLA4Ig fusion 
protein is described in detail in Linsley, P.S. et al. (1991) J. Exp. Med. rZ*561-569 and 
Gimrni, CD. et al. (1993) Proc. Natl. Acad. Sci. USA 2Q:6586. Other Ig fusion proteins (e.g., 

10 B7-2-Ig) can be similarly prepared. 

C. Additional Blocking Agents 

Alternative to an antibody (or fragment thereof), soluble receptor or hgand (or portion 
thereof), other molecules which inhibit interactions between cell surface molecules are withm 
the scope of the invention for use in inhibiting T cell responses. For example, a peptide, 
peptide mimetic, or other form of small molecule (such as a drug) which inhibits an 
interaction between a receptor and a costimulatory molecule can be used to inhibit a 
costimulatory signal in a T cell. Similarly, a peptide, peptide mimetic, or other form of small 
molecule (such as a drug) which inhibits adhesion or a T cell to a cell presenting antigen to 
the T cell, or inhibits an interaction between a T cell growth factor and its receptor on a T 
cell, can be used as a second agent in conjunction with a ^stimulation inhibitory agent to 
inhibit a T cell response. 
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D. Intracellular Agents 

In other embodiments of <he described methods. an agcn, »hich acts mtracellularlv to 
interfere with the formation of an intracellular signals associated with a particular stgnal 
transducuon pathway can be used to inhibit a T cell response. For example, a cosumulauon 
inhibitor, agent as described herein cm be an agent that acts intracellular!, to mhtbtt a 
CIM8- oT CTW4^ia«ed rfgr^ trans^^^ 

toresultinrwtein^nephospborylationin T cells (see e.g.. Vandenberghe. P. et al. 
«Z)J ^.MedTm:951.960;Lu.Y.eta..(1992)y./««/.W2 : 24-29). Accordtngly. 

- - >»"■»* A, can be used to inhibit a cm^.«ed 
signa! Auction prthwny. thereby inhibiting generation of a 

ceU Altemauvely. a CD28-associated signal transduction pathway can be mhtbtted usutg an 

inetanKHmtofproteinVrosinephosphoryhUion. For example, an anybody dtrecfcd 
^ the ceUu>a,V^ pho^e CD45 «, be ««d to 

activity in a T cell expressing CD45 on hs surface. Other inrracelhuar ttgnals reponed to be 
2Xd wnh CD28 .ig«ion include increased phospholipase C aenvtty (see e.g.. Hunes. J. 
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et ah ( 1 993) Biochem. J. 222:835-842) and increased infracellular calcium levels (see e . 

phosphohpase C activity and/or inhibits increases in intracellular J, . , ™* 
5 "^thegene^ 

& Compositions 

The agents u*d i„ t0 ^ described method, to inhibit a T ceU 

*. to a bone marrow transplant recipient Mt^LhJ? ZZTT u " 
10 ^offemventionp^topl^aceuUcalco^rnr AnT 01 * ngl) '- ""o^ 

response, and a pharrnaceuticaUy acceptable carrier. " 
The agents of the invention are aciministered to subiectc in,K,vi > ., 

effects of the ligand. The term subject is intended to include livine oreamW • u- 1 

monkeys, dogs, eats, mice, rats, and transgenic species thereof 

AWddrt, of a therapeaacally active amoun, of one or more of the agents 
.escribed herem is defmed as an amoun, effective, a, dosages and for peril oflTe 
^y toachieveunedestred^. ^^.^-^S^rf. 

CTLA4Ig fusion protein may vary according to factors a** « -a / 

<** or «« mdivid^. of T^i : i ;rr,T aee - ~ - i 

5 huHyidual. D^-ita^b.«. J^^2" d, ? p -- hfc - 

IKopon^iy ^ as indicated by the exigencies of „„ 

The acdve agem (e.g., antibody and/or proletary be aaminis^h, a 
movement manners** as by injection <*+Mm^*mmJm - ■ 

> inhalation rmwrf.™,.! i- .• . -"""venous, etc.), oral administration, 

mraiaaor, transdermal application, or rectal adnumstration. Depending on the route of 

""•pound ro^mmn^ty^^^^,^^^ hmaybe 
^.oc^feagent^o,^^^ ^'"^ 

mactivation. An agent may be administered to an individual in an appropriate canHeror 

*PO^. Puarnaceuticany diluents include saline and aoueou, buffer solutions 

Enzyme .nMbnor, include ^ Mw diisc^pyifllpnosp^^ 

*nd trasylol. Liposomes include wateMn*oil-Jn>water emulsions as well as co^rvenu^na^ 
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HposomesCStrejar^C^^^ 

grycerol. liquid polyethylene glycols, and mixtures thereof and m a*. Under ordinary 
Editions of storage and use, these preparations may contain a preserve to prevent the 

growth of microorganisms. 
5 Ptan ^ticaleom P o S itio«ssoiab!.forinje<«bl«»«u»Judest^e 1 « 1 u«, U s 

^^^mit^^^c^sy^MW^ l.munbesubl.o.der 
the conditions of m»ufa«ure and storage and mm. be preserved .gains, me coating 
,0 action of nucroorganisms such as bacfcria and fungi. The earner »n be a solven or 
dispersionmediumcontauting, to^ 

emit, polyo. (for example, glycerol, propylene glycol, and M p^ta-rt-l-* 
the like), and soluble mtaures .hereof. The proper fluidity cm be mamumed, for «-?*• 
bvtheuseofacoating such as lecHhin, by ftemau— of fh. required part,cle srze m UK 

,5 case of dispersion and by .he use of surface Prevention of .he action of nucroorgarusms 
can be achieved by various antibacKrial and antifungal agent, for cample, parabens 
chlorobutiu»l,phe M l.ascorbicacid,4im«osal,andu«nke. In man, cases, ■« wul be 
prefemble to include isotonic agena, for example, sugars, polyalcohols such as mamtol. 
sorbitol, sodium chloride in me composition. Prolonged absorption of rn.mjec.able 

20 compositions can be brought about by including in the composmon an agent wh,ch delays 
absorption, for example, aluminum monoaearate and gelatin. „ mlinlh(! 

S.erile injecttbl. solutions can be prepared b, incorponumg the active agen, m .he 
requhedanwun.ofanappr.pria.esol^ 

eL.era.ed above, as required, followed by fihered storilization. Generally. d,spers,ons are 
2S P^«d by incorporating me active compound into . s,eri,e vehicle winch contiuns a b« 
oispUon rnedium and me required omer ingredient from „k« enumeraed above_.n me 
Z of sfcrile powders for me preparation ofs«erile injecuble solutions, .he P"^ 
M of predion are vacumn Aying and freeze-drying which yelds a powder of *e 
nctivetogtedU. (e.g.. pro«in, P .»s any additional desired mgred,en. from aprev.ously 

30 surfle-f.he.rf solution fcereof. me ^po^d 

When the active compound is sunaoiyproKcreu, 
may be omlly administered, for exunple, witt, an inert am or an assunuabk ed.be 

As L herein «pbarm«e«i^ acceptable «rier" includes ^ - 
Ji^ion media, coatings, antibaaerial and antifungal agews. isotomc and absorption 

35 r^UK.. rneuseofsuchn^ia^^en^P— c^y~«v« 

^bTces is^knowninmeart. Ex^ to so te «^cc fl vention^m^aorag«n..s 
tacmprible with .he active compound, use .hereof* «,e mempeutic composmons .s 
contemplated. Supplement active compounds can also be incorporated m.o th. 
compositions. 
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II is especially uJrantageouj t0 fonmilate comr ^. l ,. . . 

for ease of adminjsfcation and urifomtity of dca^T^^T "tT" "* """ 
«o Physically disc** nnifc ^ B ^ ""-»-».•*• 

^ te *-h^co„tai I ^ apre de t ei^ 

J ^^^«h«rap««icef^i«^ n ^rnS^ 10 
^™on faa . d o^e 11 ni,fo^ 

Usesnfthfl invnitinn 

The methods of the invention can be used to inhibit T cell ^ . 
contacting a T cell un*k - „ ... " res P onse s fa v //>-o by 

8 a 1 ce « wth a costimulation inhibitory airent a? u . 

the term "contacting" as used her™ « • . 71 ^ d herc,n - Ac «>«iingly. 

^^fclengrnfcnentandfcr.grrtv^^ 

30 l^^^^^^^^TcelU^wJ^^™ 
30 nuubitory agent (e.g.. a costimulation block™ M ent snch M . M t . COSOm,,11,,on 

within transplanted donor cells, thus avoiding GVHD a»rf ™ present 
can be be inhibited in vitro, or inhibited in vitro followed by an^^vfeo^reatmait^ responses 
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, • f^nnrT cells mv/Tro (prior to transplantation) with 1) a second 
contacting a populate of donor T f*"™^ ^ ient ^ or ce n s from 

population of cells expressing 
another source which slu*e^^^ 

an»gens)and2)anag^ In 
embodiment, the agent wh.cn mhibits acosumu J* £ ^ ftagmentthe rof). In 

another embodiment, the agent is an anti-B7-l or U . B7 ., ^body and an 

te ce..sare irradiated ^^^^21^*. mhibUoryagen,(s> 

In the method, the population of donor cells conta ^ 

^etna^donorTcells. A^.£££ ^S^— 
eanbe. h^hte^**-^ ot additionally, the source of 
5 recipient which have no. been T cel. dep.**. J^™^ „ source 
mature donor T cells can be donor ^ ph J blood T cells or 
ofdonorT cells. When non-bone ^^ 'I* ^ ^ COI11Mled ^ ,h. inhibitory 

agents), the subsequent bone marrow graft .nc f cells in which 
» ^n^wceUsO..^ 

alloreactivity has been .ntabrted). Followmg administered to 

expressing recipient alloamigens *■* bone manow ce„, 

the recipient (if the donor cells used u, m "™ of mMurc donor T ceils. 

25 then T-cell depleted *r* mam>w ^ _ ^ aorainisn a U „„ of donor cells 

,„ another ,„ v(vo ^u, the inhibitory ag.n,(s). That is. a 

to the recipient, the reciptent ts further treated a , v ^ 

agent, such as an irnmunosupresstve agent (e.g, cycto po 
30 tamunosupressiv ^^" , ^^X^«^ P l.s which should no, be 
This inventton ts further <»~J „„, publishK | patent 

construed as limiting. The contents of all re(erence . 
appHcatas cited mrcughou.^^^ 

• .*n»nst«ted that the addition of CTLA41g lo a human folly 

( 
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-ponderTceUs. Asis^inFig^ ,,,^ offe ^^~ ^ 
no eff K , on the ^ .^J™ * 1«— ;»* 

and untreated cultures exhibit ^ proliferation „ C0D,rol '« 
dispart individuals and show a J*J£2 ^ betWWn ^ *" MHC 

and pro.iferation neverLable.Z e^tTunZT ^ ^ 

cultures Educed ^ „„,„„,„„ of ^ "T* ** ** umrcated — *e control* treated 

(<20 pg/ml). 8 tUres fwled to P^ce any detectable IL-2 

anti B7-1 and anti-B7-2 mAbs HO na/^n a / ro " rerat,on W 70/ «- The combination of 

alone (p<0.005). wiuierciLA 4 -Ig (p<0.05) oranti-B7-2 mAb 

(B) This experiment demonstrates the utility of CTLA4Io in ^ 

derived system. In this sv«tem u * 8 n a hoBC m *no™ 

/•wwi. jh mis system, donor bone marrow (S* 1 n4 /.»n..\ 

of abmitogenic amounls of™ immobilized ami-Cm m ™T, , •? ' ™ "* P ™ sence 

™.mvein C „ bv tadtaion before ^ ^ 0 P flhesc «p^^HZd 
*• «*— or presence of graded conoanwion, „f CTLA4Ig Z Z^Z!^T^ m 

the coataulation »as provided by the alloi-dc pm .a ■ ' where 

ihv^u:. ... 106 allogeneic PBU the cultures were pulsed with OH1 

tWt* ovenugh, between ^4^5 of cu , ture I1B1 m 0 ™ ofIa ^;' ,,,,rH, - 

■"corpora^ h* the dividing respond T ^ ^ J/^.™* ^ 

^poin^chosen because^ tad be« previou.y sUtt^tT 
P-u^n,^ ^^ofd.eseexp^^^^-^^^ 
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where the line labeled PBLs represents the data obtained with the allogeneic stimulators and 
the line labeled t/B7-l or t/B7-2 represent the'two transfected cell lines as costimulators. 
This data represents the mean data from six experiments. 

Figure 3A shows the inhibition of donor marrow proliferation by amounts of 

5 CTLA4Ig below 1 ug/ral. Treatment with 0.01 ug/ml of CTLA4Ig had no effect on the 
proliferative response of the donor bone marrow. Treatment at doses from 0.1 to 1.0 ng/ml 
greatly reduced the proliferative response to the two transfected cell lines and reduced the 
proliferative response to the allogeneic PBLs to background levels. Figure 3B shows 
inhibition of T cell proliferative responses at CTLA4Ig treatment levels from 1 to 10 ug/ml. 

10 The proliferative response to the human B7-1 transfected cells is completely inhibited by 
CTLA4Ig levels of between 2 and 5 ug/ml. The proliferative response to the B7-2 
transfected cells and to the allogeneic PBLs is completely inhibited at CTLA4Ig levels of 2 u 
g/ml and 1 ug/ml, respectively. Since the proliferation driven by the allogeneic PBL was 
almost completely inhibited by 1 ug/ml of CTLA4Ig and was completely inhibited by 2 u 

15 g/ml CTLA4Ig. a dosage of 10 ug/ml of CTLA4Ig was selected for use in all subsequent 
experiments. 



RVAMPI E2: pfr^rfft nf B7 family mediated mstimulation snprififflllv inhib i ts 
20 m-nHferatfon n r™ i^hrii—pw with donor hiif not third nartY 

j»Hnflntigen 

To determine whether agents which block proliferation in a primary MLR inhibit 
proliferation upon rechallenge in a secondary MLR, the following experiment was performed. 

25 Normal peripheral blood cells mononuclear cells were cultured with irradiated 

(2500cGy) normal donor peripheral blood mononuclear cells of fully HLA mismatched 
subject in the presence of an anti-MHC class II antibody, an anti-ICAM-1 antibody, 
cyclosporin A (CsA), CTLA4Ig, an anti-B7-l antibody, an anti-B7-2 antibody, or a 
combination of an anti-B7-l and an anti-B7-2 antibody at a final concentration of 10& 

30 cells/ml. The antibodies and CTLA4Ig were added at a concentration of 10 ug/ml. 

Cyclosporin A was used at 10"^ M. The cells were incubated for 6 days, following which 
viable cells were isolated and rechallenged with irradiated allogeneic cells from the original 
donor or from a third party donor. No blocking agents were added to this secondary MLR. 
Proliferation was examined daily for 7 days by pH]-thymidine incorporation assays. 

35 The peak proliferation for each condition are represented in Figure 4. The results 

indicate that when only media had been added to the primary MLR, a typical secondary 
response ensued characterized by significantly greater and earlier peak proliferation against 
donor compared with third party alloantigen (peak at day 3 versus day 6, respectively). 
Addition of CsA to the primary MLR prevented the secondary response and resulted in 



25 



30 



5 



WO 96/14865 

PCT/US95/14774 

-20- 

.bsence of. sewndary response folIowing Mo jT f ^ 0 " 5ami 6. The 

B7-2 COThm.lihn. I. .-h i n n l T j t ki. ™ ■,„ ,„■, 

— - for differ™, agents Mockin8 cos,,™,,,,^ '° ° b,> " 

mtms example, the same assay as dm used j„ Example 2 was used r.n 
="te«d to . prima^ MLR with (he addition of anti-BW BrTaT^ „ 

oWeaged wtt toufottd cells Son, the original doTr ^ no h i ? ' ~ 

=0 „ ssed^for.d... ^JZSSZZZE-' 

^mbryMUwas^sedbypHJ-mymidimtiKorporanon ' 

•TheresutearepresentedtoFigureS. The result indict Urn, addition of ami B7 I 
«Ab in the primary MLR resulted in onlymodest UbtbMo* oramlir ofanti-B7-l 
whereastheaddWonof=,,.in7 1 ... "nniomon ol proliferation on rechallenge 

of^BW^roc^h! «; ^^^cantlymoreeffiden, Themaximal effect 

rrj^ 

leilS With rTl f ^4|p 

This experiment assays whether CTLA4Ig or anti-B7-l and/or anti-B7 2 «-,w 
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!ead to the development of a subsequent hypo responsiveness to the stimulator cells without 
affecting the ability of the donor T ceUs to respond to third party 

Non-reactivity in a matched sibling MLR is a poor pred.ctor of subsequent OVHD. 
contrast, in HLA identical sibling BMT recipients, a high frequency of altoreactive donor 

(1992) JV Engl. J. M«L 322. 1613; Schwarer. AP, « al. (1993) Kmcel 341. 203). 
Cfolfe&equency of precursor Helper T Lymphocytes (pHTL) to HLA m»Uh«d 
Zl^ltvlg biccLe of B7 My medial costimulation during the primary culture 

irradiated (25Gy) and CTLL-2 cells were added and the culture was continued for a further 
, ™ hours. ULation w assessed by tritiated thymidine incorporation for the labours 

ortheassay. pHTL frequencies were calculated from t!« proportion * e '^ 1 ^^! 

2 production by limiting dilution analysis tTaswell C. (1981) J. Immunol. 124. 1614). 
TheresultsarepresentedinFrgureS. As reported by others, pnor to any 

^prt ationthepHTL frequency in fully HLA matched pairs ranged from 1.25 x 10 toSx 
0 ,0-7 Culture with media duringprimary stimulation did no alter tins frequency. Comply 

blockade of B7 family mediated costimulation by either the addition ° f 

anti-BT- . and anti-B7.2 or CTLA4..g during primary stimulauo , , marked , ^ ^ 

D HTL frequency against donor on rechallenge. In contrast the addition of ant,-B7-l mAbor 
I effect whereas anti-B7-2 had very modest rife*. The pHTL ftequenc.es 

my HLA matched sibHngs results in reduction of the pHTL frequency agau* donor on 
lllenge the effect of these agents on pHTL fr«q»«cy was assessed m MLR from fully 
30 HL^hedindividu,, «~ ^^^£1. .. 

. A The results of these experiments are shown m the Figure 7 and 8. 

ofbonerMn^lsjte^ „ oweve ,, Mowing tre«mem of*, donor 
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BFU-E 

BFU-E/100.000 bona marrow celts 



[Direct assay 

' Patient P re ~~ 

1 232 

2 203 

3 570 

4 456 

5 416 

6 593 



TABLE 1 



Patient 
4 



Mean 
ND 
302 
578.7 
389.3 
495.3 
597.3 



Media 



SD 
ND 
37.3 
63.3 
18.8 
69.9 
36.6 



Mean 
425.3 
340.7 
St0.7 
376.7 
512.7 
406 



SD 
100.3 

38.4 
45.8 
30.8 
30.3 



CTLA4IJ 

Mean gj~ 

^533 i4tET 
291.3 29.3 
6 °8-7 20.8 
428.3 eo< , 
515.3 23.1 
-610 44.3 




CRH3M 

CFU-GM/1 00.000 bone marrow cells 



Pirect assay 



Patient 
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ftequenc, * SSSJl-fc^*—- with 
Mmittag dilution ««ay O-DA) m «* IC ^ s^ematants from these cultures were 

stimulator or third party «■ «-««« *** , CTLL cell tine. 

> onIL-2. ft.a^fourKl in the (tonorirmrow after anergiationfo 1 - 

HgureV^u*^^""^ represents the 

^ob^inedftomadifierentdo^r^^^ ■ o [0ldmattly I0 » 
pdr. Untreated cells incubated in oedn done show . f"™*"^ HTL 
5 7hen,e^agains,«h. original sr«^ 

marrow anergized by treatment with CTLA4ig ud . ._ atelY 10 - 5 ). The 

reduction to pHTL frequency .sapr«xirru«eiy i« . measuring the pHTL 

20 pHTt. frequency towards the allogenic ^^"1 tu, the bone marrow and 
frequency against third p^ty PBLs wh.ch fc w pany ceUs is 

approx.rn.tely 10-. ^^^jL^,,*, found for untreated marrow. Th.s 
.narrow against third party cells » comparable w«h ^ 
« demonsuatesthatmeanergizauonofth^ 

mthe presence of crLA4 Ig results Mother allouuigens. The 

^eriztagsumuUtorceUsbuth^noeff^on*^^ f 

specif of this induction of ^™ *^^T of L^ciona. antibody u, the 
eos.imu.aaon with CTLMlg was W ~£ ^, ioo rf fc GO »or manow and 

stunulator cells cultures m me presence 01 1 yv „ rt0 third party cells. 

The pHTL frequency to both cell types is corop 

• . u ^.i^ofisotvw matched control Ig protein (10 ugAnl) 

, s . AsshownrnFigureS^aa^m^™™ ^ totaUoo 

period M no effect „ ^ fo( ^ed cultures demoting that 

the dramatic reduction seen m pHTL frequency m 
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due to the effect of the Ig sequences, nor was it due to a general imm... 

obtained with cyclosporin A. - «™uosupp resS ion ^cante 

In another example, the efficiency of anU-B7-l anti-B7 2 «r« f 

5 <Wdloarrigen on recluUlenge was examined ™. S™ 1 ^ rally HLA mismatched 

rheresultsarepre^™ ^0^X7""^ 
mAbs alo„ e had only modest effect on pHTL rfcanency" owevtTI " m,i - B7 - 2 
WgUyeflectiveandconsisunUy^tto, W ^rCmA^rr >,,,a '^'; nWaS 
o^iwrateconsistentreducti 0 nofrt»,,ijTi «. ™ s ™ l ' , - n " A4 - I e- Theseresults 

BT-^-B^bodies. OrmCXS^;r iMUOn T' 
inhibited proliferation during secondary chall™ Tu-T? P" 01 ** cuJture 

-e^onpm^r^t^^a^ 
•heprirr^c^rure, no decrease In „hti 6. ncn 001,1 and CTLA4-Ig were added to 

v-iuwigajone. Ittese observations are consistent with «.k^L 
•here is a Bremen. fbrbothaTCR mediated sign,, and bloc^T B f f T^* 
cosdmolation to induce alloamigen specific anergT """^ ° f 87 ^ ""^ 

aI.oan.igen specific h.porespo™ u> Aelu^^^" 

studies show tha, Uk anemhaiion of *. CTLA4Ig treated marrow. These 

B7. 2 andbodies £^EK££,T" W ** a ^ b ™ a °"°^-B7-. andanti- 

after treamen, wth „*.„,., ^ CTL^ P ^""^ 

reduction in pHTL sufficient to reduce or eliminateGVHD^F^h c °nsistent with a 

proltferation fa a prinary and a seenrfary MLR wiU, rullv m a . l0CkU,g 

This experiment was conducted to determine the effiw «_ 

and long tem, co,^ a wcre ^°"' °*"»*— I 

before treatment, after incubation in n^ak, ltt or m^!r^ P ^^ Md< ^ ,Mn,,W 
gW) or CTLA4I. no „.M B -7? presenoe <> f «™rol Ig protein (10 u 

lbl.~n MetoD Bn ^' fe, ^^I*v W w« i hed extensively d« 

v.ab..«,,n»»berde^ed.and m ee«uspl«ed„ 1 00.000 ceU*nu in 
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medium which contained growth factors appropriate for human cells. These assays were set 
up in triplicate for each patient's marrow sample. After 10 days of incubation, the number of 
erythrocytic (BFU-E) and myelocytic (CFU-GM) colonies were counted. The LTCIC 
colony forming assays were performed using a limiting dilution analysis. The donor bone 
5 marrow sample was washed and dilutions from 40,000 to 625 cells were added to microtiter 
wells previously seeded with 3000 irradiated stromal cells. After 5 weeks in culture, the cells 
were gently trypsinized to release cells and then methylcellulose medium containing growth 
factors was added to each well. The appearance and number of BTU-E and CFU-GM 
coIonieswasmeasuredafteranadditionallOdaysofincubation. These results are shown m 

10 Table I for six of the patient samples. a 
The direct colony forming assay shows that there are similar numbers of BFU-E and 
CFU-GM precursors in all six patient samples tested regardless of whether the assays were 
performed on donor marrow before treatment or after culturing donor marrow with irradiated 
stimulators for 48 hours in the presence of medium alone or in medium containing control Ig 

15 or CTLA4Ig. Similar results are seen in the three patient samples tested by the LTCIC 

methodology. This method is a more sensitive measurement of damage to stem cells than is 
the direct colony forming assay. All three patient samples tested have similar numbers of 
BFU-E and CFU-GM colony forming units after treatment as did the fresh donor marrow 

samples. % . a . 

20 The experimental data presented in Table I shows that the culturing protocol 

developed for the anergization of donor bone marrow to sensitizing alloantigens by the 
treatment with CTLA4Ig had no detrimental effect on the donor bone marrow. The donor 
bone marrow had fte same number of^^ Thedonorbone 
marrow retained a foil complement of lineage specific blood cell precursors as demonstrated 

25 M^^f^W***™*^^-^. H0WCVCr * e 
donor bone marrow exhibited a dramatic and specific decrease in the responsiveness to the 
sensitizing alloantigens while it retained a full ability to respond to third party cells. Tins 
loss of responsiveness of the donor bone marrow to the sensitizing cells after treatment with 
CTLA41g was as expected based on previous in vitro and in vivo studies. The loss of donor 

30 marrow responsiveness to the sensitizers suggests that transplantation of similarly treated 
marrow into the appropriate recipient will be safe for the transplant recipient and may result 
in a reduction or elimination of acute GVHD in the transplant recipient 
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EOTIIVATPVrr^ 

5 skilled in the art will recognize, or be able to 



ascertam using no more than 

r ific a 

described herein. Such equivalents are intended to be « 



routine experimentation, many equivalents to the specific embodiments of the invention 



>■ encompassed by the following claims. 
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CLAIMS 

1 . A method for inhibiting a response by a T cell to an antigen, comprising 
contacting the T cell with and agent which inhibits a costimulatory signal in the T cell, 

5 thereby inhibiting the response by the T cell to the antigen. 

2. The method of claim 1, wherein the agent inhibits an interaction between a 
receptor on the T cell and a costimulatory molecule on a cell presenting antigen to the T cell. 

10 3. The method of claim 2, wherein the receptor on the T cell is CD28. 

4. The method of claim 2, wherein the receptor on the T cell is CTLA4. 

5. The method of claim 2, wherein the costimulatory molecule is B7- 1 or B7-2. 

6. The method of claim 2, wherein the agent is a soluble form of CTLA4. 



15 



20 



7. The method of claim 6, wherein the soluble form of CTLA4 is a human 
CTLA4-immunoglobulin fusion protein. 

8. The method of claim 2, wherein the agent is an anti-B7-l antibody, or 
fragment thereof. 

9. The method of claim 2, wherein the agent is an anti-B7-2 antibody, or 
25 fragment thereof. 

10. The method of claim 2, wherein the agent is an anti-B7-l antibody and an 
anti-B7-2 antibody, or fragments thereof. 

30 11. The method of claim 1, wherein the agent acts intracellularly to inhibit 

generation of a costimulatory signal in the T cell. 

12. A method for inhibiting graft versus host disease in a bone marrow transplant 
recipienjcomprising contacting a first population of cells comprising donor T cells in vitro 
35 with: 

a) a second population of cells which express recipient alloantigens; and 
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b) an agent which inhibits a costimulatory simal in a. ,i — „ 
the agent thereby inhibiting a response by the donor t7JTZ^u ^ 
recipient aHoantigens such that, upon administration I t ) T" 

bone marrow tran^^:-: ^. . Ration of ceils to the 



marrow transplant recipient, graft versus host disease in the 



recipient is inhibited. 



)o M. ^""<^ofc 1 ata 1 2.whe reil , t hc^ isaMlobIefonnofclXA4 

15. The method of claim 14, wheteiii the soluble form of err aa • u 

. Themed.odofctata 



25 

recipient 
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